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(54) [»n<9«#] afc^u9A*fls-&**w#aiwec!)«sbSFtt 



(57) [gift] 

f!J 3 >SSl <B±tettAl..»Ga f .»N 7&> 
6>J*6*5d5»]«Sn, rtf>«5±fc, GaN d^j«6)i 

ix6 e J§6±(ci;£ % Si%d>fejft6HJ*fi2OOOA0ffil g> 

^)i2(^±Sf5«ttARU t Jl 6 0SaittB±^GaN 




^m2^il3^^^$^6o GaN tt % g6W 

&&£{5BOGaN £1££LT, Slcgit;*ft (Clj5££1-5 0 
*LT, SIUOJg2tf>J:WfittATh)\ il6 0Hai^B 
±lCJ*ftLfcGaN ZtetLX, GaN /^^Tfr t e * * 
->+^fii-S e GaN j&SGaN £&<>:LTf$ 



1 

IM**l ] is}) awsnstsi* 

Six, »t*y «>A*ft***w»isto±i«tr^* 
14, «*rtiic=K'^*e/ir/^fili*S*<&ri'r»j«*ix 

[M*«2] v-y 3V(Si)»tEt, WBi/llaV'W 
±lc#rt* Jxfca<fc#!J 9J*X<b'frtt¥*tt*>t>d5K 
3tf>/§<t, MtBS3 0«0±lcjgfi!t*ix, i!ui££3cDJl 

MEjS 1 ^*T«frixT Wj^iiuES 3 co^£Dg|ttJ^^ 

IM**3j huES§i©«i4, zKfbvy =>>-(Sia) 
r t zftm t-f i x»s«*« 2 lets® 

£>gfb#!J *A3IMb«*¥W*. 

i^ B B B lw vy^y (sd a* fed 6 r fc t -t 6 if * 

« l 2 UiEttoSfb* y •> A^b£&¥» 

[I*#«5] iiuEJS3(0JH4, ALGawNCO^x^l)^ 
■f r t 4: 1" 6 tt#£ 2 IcEft^aib^ y •> A£{b 

[tt*«6] v-y 3V(si)s«±o«fb^y 5>^£{b 

4b#y ^A^{k^^¥^^^coJ:(-^t 0 ^^^-v/Ufi)c 

i ©JlTBfeixT^fcv^y ^^(O&mUZ&b 
tt> ^^^-t^fiS-fr, ifflE«i<0«<0±tt-c 

»»ti-5*{b^y ^ A*{b***w#o»!Jt*fe 

[IB*«7 J ->y 3 v(si)Sffi±oSft^y ^^*fb 



(2) #B3¥ l l - 1 3 5 8 3 2 

2 

fi9ffiJB3<oJBO±<^ WES3^H^Baittd5lftaEt<& 

aib# y 9 ^*ib**¥Wft^.-t o±jcx * i/t ^ 

ittiE^ i ©JiTBfoJxT^4i*lttE» 3 oaco»ai«Sr 

an*, «*fi^^*->^yurt*s-&sriTaib 
#y •>A*{b*«b**ftA^rt5jB20JBfe»fiti-sr 
t i: + 6 nb# y * A#fb*»¥»w©*!»* 

10 fe 0 

[s»*«8j usessi ©«i4, z«{b->y axsiQi) 

d^bfiRS^ i«r»*t-rSM#«6XI4W*97|iE* 
og{b# U **Sfb£to¥*(*<&SSi8#ifeo 
IM**9] fiuEJSlS>Bl4, LfcAMX 
tt#*K<D->y ay(Si)^fefil-5CfcS:»«t1-6«* 

«6XJ4if*«7tcEttoa{b^y *AXfb«*¥«# 

|S***1 0] ME«3^SJ4, AKGa,-.N(0^x^l) 
*»feJ*6JB±fcGaN d*b)*SJi^»ric*ixfc2««|jS«: 

20 *fc»«ii-6t**«7KE«oa<b#y 
fb*»*w*o«!5a*fc 

/>#< £ v>y ^vstg^^^L 
r, afb^y *A*ib*«*«<**»fertsi>^€:»* 

[£n<0iMiii&tt9n 

[0 0 0 1 ] 

■[*W^JR-**5S«»Sf] ##9314, -«zCAl.Ga,In 
30 »,,N(0 ^x £1,0 ^1,0 ^x+y ^\)<Dm4t#V 
?A»{b***W#i*o«!5t*ftl-BB1-5. S 

[0 0 0 21 

«fb#y *A*fb***»*tt, 

**-C*)?), SHfe^a— K(LED) ^u— K 

(LD)*^«3fc* : ? : ^-^Sffl^FixTv^^) Q :o2{b^D^ 

40 [00 0 3] 

l«Wa*»*LJ: 5 * + L^L4*s?>, ±E« 

*««f-ctt, *7 7-<r*tR±ic«{b*y *A*ib*tt 

•JII * 6 n @ * T^rc ^ ^ y ^'^ -f £ 6 fc lb \Z. 

50 Haa** 5 J:< 4v x i^9B8HASfe6c X, W-ifiWlc 



(3) 

3 

& < i s ft&mihwz&m* mm+ s 1 v * ? FpIh***) 

T^SOT\ w-f ^^-KTIiftff4^tflB*5HJi 
[0 0 0 4] Sot, ±EWH^«S 

[ 0 0 0 5] 

y aXSOSSi, i/DaygSli:, isy^XDBM 
*->ir^St, »l£>Jltf>±»T(4* flfcfrfifcatf 20 

[0 0 0 6] rcr-v^5**i»]iii. Ste^S^f^ 
j***"T, ->y = y*«w«attd»e>rt«Lfci*s, jr 

Lx **iR)lw»irt*U4VN 0 lot, «io«o±l^*3 30 

i lilb^^CS^ LT v*i v^?, S 2 ^g©^ 9 #B 
So 

[ooo7] n*£ 2 ^iE«^^td ^ y = > 

^^JBi^iii:, 3Bi^JlT8;bftTv^iv^3 0lS<BB 

[0008] io**«cj:ntf, ^2oj§i4, %<t#v 

^ix^{b^«¥W#*^fi85«30JB<7>Rai»«rKi: L 

w**>&a*S2 0«#«rt£jx&. v 50 



#B8¥l 1 - 1 3 5 8 3 2 

4 

[0 0 0 9] M#JS3 0>*9J14, fgi<&»«r* "Kfbv 
y ^ >-(Si0 2 ) <^r LfcriTfc*. roatefcli, %2<D 
■ *Al***iv«{Mfy 

[0 0 10] !^54 o&^i4, £1 
WLfc&KXi4#ftittf>v'y ^xsi)^ tfcr 

«6*i5. «, *»jS«r*Lfcft*ttt2 0 0 0t:^± 
<0»£&W't5&JRTfc!!K 0iJ*.lf, Nb,Mo,Ru,Hf,Ta,W 

[0011] M*«5 KlfEtt<0*9If4, m3<OMZ, Al 
.Ga,..N(0^x^l)^&A5JI±(wGaN !&»?>J*5JlJ&*JgJ* 

*ixfe2Ji«*tLfcrtT«>5. rowaicitui, 

!B2 0jBS:GaN fci-fttf, GaN fctti LTGaN 
10 0 1 21 M*3j[6 0«Wtt, §a#Jgl 

S!5g*tt-c*>5o ro^&icct^, fijtiteftoafb^ 

y*A*ffc**¥W<«r»S£i#T*6. I*#«8, 
9. 10(4, S»**3. 4, 5 fcW-*>9b*ft*i"a. 

m*«i 114, *>y = ^ai«, ^3oi, »io 

[0 0 13] 

»T\ *«W***Wi*lS0!ll- 

<b^y ^A*ft^**w»oi«ffi«rit«:^ufc«*ia'c 

*?S 0 ->y =^*Sl©±ICl4SiO,^bdl*KWft2000 
Ao^l (D^2^^ hy^T 8 *; (Hi (b) ) XI4»-f 
tt (01 (c) ) td^$ixTV>So i/y^vstg 
l±<OJBl OJB2Srl»v^fcBffi1!g*Bau J Jili co^2co 
±li(4GaN ^e>fi6SRWttlO/4 m <D% 2 <D}§ 3 

[0014] ftfc, r ^GaN *lt*«**#Oiia*S 

(cov^TIft^•rso r^¥«*(4, ^y^y^^tta 

t/ff«&JR«ttfi8«S («T ^movpe J liJ:9 
^it^ixfco MOVPE Tfflv^bi^fc^^^4, T>^-T(N 

h,) , **yr;tf*<H :i N,) , hy^^/v^y ^^(Ga 



(4) 

5 

(ay,) (ar fTMG j ttz-f) r-fcs. 

[0 0 15] 7^K»»«(HF:H s 0=l:l)«:fflV^r 
fti*Lfc (111)®, (100)®, (110) 
lfcn-i/!/3 VIS 1 £MO V P E ggO£it>£K$ 

l i ter/ft Tfl l O^P.ISJt^ IC 81 1 4 E, ft£ U 50<C Tg 

« (Hi (b) ) (01 (c) ) leffML io 

fc. 

[0 0 16] ftlc, MOVPE 9 5tSl orfi* 4:600 

t:iCUTN,XtiH 1 *201iter/», NH, &101iter/#, TM 
G 4r 1. 0 xi0 Hj e/l'/ih H,#*iC,i; 9 0.86ppro IdftR 
SixfcW V^OxiO^/V^T&iSLT, JRffftlO 
jimOGaN r & J: 0* »2©«3*r»fc. 

GaN 12, *>y ^vg&l (DgStitfS&BO^y n 

*>±«MHtAT(*, v-y =vStSl OBUABtCjftftL 
fcGaN LT, GaN EP*>, ^y^ltg 20 

torn 3 it, =>>-s«io«ai«B^fc^K^^jci5 

1 (DM 2 k*<D±<DGaN l;Mb^l£ll5£ LTV^V>fcfc 

i*£::£#-C§5 e 30 
[0 0 17] ft, ±!EHlftW::*3^-C\ XhyJ^ftX 
tt*-f*(C*J«dnfcJBl Oj§2tf)*Ia £#)5 u mi L 
fc*S, JRlOJi2<?D«a*Sl0MniSrj8^6t**JplOfifc 

SOT, fi£L<l*1^10/im<D«IS#ftV\, X, ±15 

3t*«n4*>y =>>gsi oBmajBoraiib £ 5 nm 
^oawwuwcu saj«Borai»b*si ^ m*««c4 

b*S£>f'J^ a/blil -10#Sg£ L^o 

[0018] (jb 2 nvm) ±&<om 1 wt«-ctt, ss 

»*tt, y^>lKl^il:IW!J^^W 

«r*«ic»rttr, *<D±\zmit#v 9J*%<t&mm 

[0 0 1 9] i2lt *«W^S2(75HteffiJ(I»i?6Sl 

fb*y *A*{fc***»#<?5»aB*rtfe^Lfc«a:HT 50 



4$&S¥l 1 - 1 3 5 8 3 2 

6 

'>y3ySSlO±l:iiAU. Il Ga,. ls N rt>e>/£6 

±*-Sia*»b*6R*ft2000A^)JR 1 tf>/§ 2 j&sjR 1 

X, «3 0Ji5 0BaSttB&l/£lO«2 0±fflffltiA 
(CI*, GaN ^bJ*SJBHfftlOA/mO»2<oa3^^fi8S 

[0 0 2 0] ^OGaN *^**«»^S!aS*S 

Si tf>?£g£ll50 < tlCf£^U N,3U*Hi£rl01iter/#, 
NH, &101iter/£\ TMG Sri. 0 xio Hj €tu/£, h y ^ 
?;VT/v* = *A<A1(CHJ,) (£*T fTMA J fc ISt ) £ 
1.0 xiO-^e^/#, H,^^JCJ: 90.86ppm lC#SR£Jx 
ft > 7 V £ 20 x i o-^ /V/^ T 0M£ U Bfflttl 000 A , 
Si&jgl.O xiO , 7cro > OAlo.«Ga 0 . l »N ^^6^3© 

[0 0 2 1 ] fti^ glXftOT^Httl^ ^3C7)/15± 
KSiQ^fciSSS l co/§ 2 £J6Sff ffl2000A, H a 5 
/i m, S3 0JS5 0BttJ»BOrai»bi&3^5 „ h 

^ic, aioB2&t/iR3©»5^aiaiaB±icjRJ¥^ 

10// mCOGaN J^bf**)* 2 0J1 3 ^c^t 
f, GaN li, fS3 0)15 0Sttlffl5BOAlo.«Ga 0 .,»N 4r 

tHt, EiiSii:*iPj«cj«fi-r*o tu, hoi 

2 0±«ffl«A-Cli, «3 0jB5(7?aai«HiB±^J**L 
fcGaN Zteh IT, GaN *S«3&H»Ca *i/*/l>l$.& 

t6o rcoj: 9 LT, %\ <nm 2 &Tf% 3 <D1§ s <n& 

aa^±idGaN ^^5S20§3«fi)c$ix5e 
[0 0 2 2] ±!£(C^^n6 J: 5 i^. GaN I^Alo. ls Ga 

C Srff»XI*^ y v^lc i; 9 r ^ <t 

[0 0 2 3] ffl, *HliSW-Cli, JB3^JB5<?5fflsSSrA] 
o.»Ga 0 . K N t L/:/j\ te£*afifcJtO-/ft5tA] i Ga y In 
,.„N(0 ^1,0 gl,0 ^x+y 
^A*{b^***#«rffl^6rt^T#*o ^>y^>l 
Si ±iC^t c ^^>-^/^S^-lt5(Ci^, Al.Ga,..N 
(0 ^1) (A IN *^ts) d«a*U\ 120 
JB3I4, ffiEffifigJtO-tt^Al.Ga, In,..- f N(0 ^x 
gl,0 ^1,0 ^x*y^\)<nmtti x ) !>A*<b*tt* 

li, Sl3^5OJgJ?Sr^i000Ai: L^c^ % SI 3 co® 5 
^>BIS^500 A*«Tfe6i, %2<nmv>W5fa<n&& 

&B<teb<OT\ «3OS5OWJ?^500 A&l±Tfo4 



7 

[0024] (S3 xttffi) mso* 2 mt&wvtt, s 

Ga 0 . 6iN ^?>J«6HIJfJ(S)1000Ao«5d5jgjBS$n % 
»5±|C, GaN ^b^6Kff*-J1000AoJB6^jS$^ 
T^5 0 *5 tiS6 tT«3 0«dMJIfi6*ixSo Ji6± 
lCll s SiC^bja^Kff^OOOAoSl <&«2as±K3l 

5 0 )B6at/»l^*2±»Cli, GaN ^&JA6HWK10 
/i mO^2^3^JFM$ixTV^ 0 
[0 0 2 5] ftic, rOGaN *{k***i»ft:0«aS^ife 
icov^TttWI-*. S4S1 Sr^-^rV^U SIR 1 ±13. 
MOVPE jfelcJ:!9ll5Sr?gjS-r*t-6*"Ctt, S2li 
W£E«Tfc6 0 mSV>JtM'&, »5±fcM0VPE 
19 Sffi 1 £ 1 1 00*0 L T HtJL Ittit £ 201 i ter/# , 

NH S £l01iter/#, TMG £2.0 XlO^/l'/iK H : #;* 
ic£ «90.86ppm \ZftflZtitii/7>t:2Qx\Q'**/l'/$ 
■CtftftLT, GaN BMl, KJ«fi>1000A<DJi6*:» 

[0026] jri, %2%mibmm^ %>z<o 

«5±(rSiO,^bJBSSSlOii2^BI**-j2000A, ISa 
^m, JieoBtfJ«B<flfflliSbaM$5 m07 h 

ttffl«AS0 ? Ji6O»meiJB±l3lBI/?Wl0//m^GaN 

2^l3«f^t^ 0 GaN 11, S 

6<©Bffi»B<DGaN ^HT, ffiKSa^fnJfcjSSI- 
5o *LT, jgl<©ji2(3[)±a««AT-tt, M6<Dmfc 
»B±Kfi8«LfcGaN LT, GaN AMJt^rSJi^ f 

GaN #GaN t LT»*rfi]JC t**l&Jl- fc^: * > 

[0027] ^m&mvhs v/y^Mix 

^feJ*5SHBfficOGaN tds-c#6. ttz. 

®6tm2<D@3k*Gan t LtztK 86^2^13 
t*m—1&J&.it<D-f®7XjLLGa I In,..-,N<0 ^x 51. 
0 ^y 51,0 ^x+y Z\)a>mt#y 



(5) #08 ¥ 1 1 - 1 3 5 8 3 2 

8 

**LTfcfiv\, fit, SlOJ§2(CSi0,£/8v^*J£t~ 

[0 0 2 8] ±E©±3MS«fc*5V x "C\ S2tf)J§3lCGa 
N 4rfflV^*5, ttS*lJ*ttOInGaNSrfflv^rtav\ Al 

io fur, bt'&m&cD&m^s r** 

77*Sifc ifSrffiv^Tt «tv\ r<E>J: pic:, %\<Dm* 
fc«a#9E*i5<0T, GaN S*^!-*^ 

(W) ii'iKlt^^JR^ T^7 7*Si£JEWc^ 
iCJi x ftficjfflJ*it^-©^Ah Ga f In,..-,N(0 5 
1,0 5y 51,0 5x+y SDomttfV 
m*s *<^±l^t 0 **i^/W*:EL^^T\ 
Al.Ga, In,-.- T N ^2<DMt ItfflV^iWit* 
20 6o ±K<B£J«fc«|;:*5^T, S^C0±(3Mft^' 

v N X , MOVPE ifeli*flE#BB«*Tff*>tufci5, tt£EJSft 

[0 0 2 9] *»«T»feixfcGaN Sfc*****!*. 

30 [Hi] *«W©**«4JBl **«^«to**ft*y 

[03] *«W©**«4JB3Jttt«Jc«te6aft^y 
IffWM!] 

2 Si 

3 S2CDJ§ 

40 5 S 3 <r>m 



